SOLVAY

SOLVAY
MINERALS December 12, 2003

]

Dan Olson

WDEQ-Air Quality Division
122 W. 25™ Street
Cheyenne, WY 82002

RE: Addendum to AP-0631 concerning NOx 30-day rolling average and BACT
Dear Dan:

This correspondence further addresses AP-0631, the permit application to convert A&B
Calciners (AQD #17) from gas to coal-firing. This addendum proposes the method to
determine NOx emission compliance and updates the NOx BACT analysis with regard to
Selective Non-Catalytic Reduction (SNCR).

Solvay requests that compliance with the proposed NOx emission limit of 180 pph be
determined on a continuous basis through the use of a 30-day rolling average. A
continuous NOx emission monitor will be installed on AQD #17, the common stack of
A&B Calciners. The 30-day rolling average will be calculated on the average of the
hourly averages for the preceding 30 days that at least one of the calciners is in operation.

WDEQ requested that SNCR, although not demonstrated on a unit similar to our calciner,
be considered as a NOx control. After investigation, it was found that SNCR is a feasible
control technology. However, SNCR is not feasible as an add-on control with FGR,
since the CO recirculated from the calciner from FGR reduces the SNCR efficiency to
5%, making it an economically unreasonable technology.

If you have any questions concerning this submittal, feel free to contact me at (307) 872-
6571. Bill Stuble and I plan to meet with you in your Cheyenne office early next year to
discuss this addendum.

Respectfully submitted,

&Mﬁ\.\ﬁ%&

Dolly A. Potler
Environmental Services Supervisor

Enclosures

cc: Tony Hoyt

Solvay Minerals, Inc.
P.O. Box 1167, Green River, Wyoming 82935 307/875-6500 Fax. 307/872-6510
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REVISED NOx BACT:
Selective Non-Catalytic Reduction (SNCR) has not been identified as a NOx control

technology currently installed on a source similar to the proposed coal-fired calciners.
However, SNCR vendors were contacted and they believe it is a feasible technology for
our calciner furnace conditions. SNCR is a post-combustion process that reduces NOx
(NO and NO) by the reaction with ammonia (NH3) to form nitrogen (N3) and water per
the following formulas:

4NO + 4NH; + Oy — 4N, + 6 H,O
2NO; + 4NH; + O, — 3N, + 6 H,O

Since urea is not poisonous and easier to handle than ammonia, it is often used as a
precursor to ammonia per the following formula:

CO(NH;); + H,O — 2NH;3; + CO,

The three key parameters that affect the reaction of ammonia with NOx are flue gas
temperature, reagent distribution, and CO concentration. The temperature exiting our
furnace is between 1700°F and 1800°F, which is in the optimal temperature range for the
reaction. A computational fluid dynamics (CFD) model can be run to locate the
appropriate reagent injection sites and droplet size distribution, taking into account
temperature and gas velocity.

The reaction of ammonia with NOx is also affected by the concentration of CO in the
furnace. The CO concentration in the furnace due to combustion only, is estimated to be
25 ppm. As reported in the March 6, 2003 submittal of this permit application, the CO
concentration was estimated to be 522 ppm with Flue Gas Recirculation (FGR). That
estimate did not account for the CO emissions associated with the calcination of trona
ore, which would be recirculated as well. The May 4, 2000 stack testing of CA-1&2
(AQD #17) resulted in one-minute average CO concentrations ranging from a low of 465
ppm at 11:01 a.m. to a high of 1,772 ppm less than two hours later, at 12:52 p.m. The
variation of CO emissions from the trona ore is not fully understood. The CO
concentrations change with no apparent variation in ore quality or calciner operating
conditions. Since the May 4, 2000 stack testing was only three one-hour runs, Solvay
believes the CO concentration in the calciner off gas could rise over the 1,772 ppm that
was monitored that day.

Revised NOx BACT Page #1 AP-0631
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Fuel Tech, a leader in post-combustion NOx controls, estimated the NOx reduction
efficiency of SNCR at various furnace CO concentrations as detailed in the table below:

CO Base NOx rate | Controlled NOxrate | NOx reduction
(ppm) (Ib/MMBtu) (Ib/MMBtu) (percent)
25 0.79 0.43 46
500 0.45 0.29 36
1000 0.45 0.33 27
1500 0.45 0.43 4

As noted in the table, the performance of SNCR is affected by the CO concentration. The
highest NOx reduction calculated is 46%, which is at the lowest concentration of CO at
25ppm. The lowest NOx reduction calculated is 4%, which is at the highest CO
concentration considered, 1500 ppm. If flue gas was recirculated from the furnace only,
not the calciner exhaust, the approximate 500 ppm CO would result in an SNCR
efficiency of 35%. However, since the function of FGR is to reduce thermal NOx
through the lowering of the flame temperature and minimized O, concentrations, the flue
gas temperature from the furnace of 1800°F would not effectively reduce the flame
temperature for NOx reduction like the 300°F to SO0°F off-gas from the ESP after the
calciner. Furthermore, the “product” sent from the furnace to the calciner is hot air to
calcine the trona ore. Recirculating the off-gas from the furnace before going through the
calciner defeats the purpose of heating the air for calcination of the trona ore.

Following is a summary table of the cost effectiveness of FGR, Water Injection (WI), and
SNCR, per calciner. The Total Annualized Costs are detailed in the attached
spreadsheets.

Control Total Base TPY NOx | NOx $/ton NOx

Technology Annualized TPY removed removal removed
Cost NOx (%)

SNCR + FGR | 783,000 692 315 46 2,486

+ WI

SNCR 624,000 692 315 46 1,981

FGR + WI 273,000 692 298 43 916

FGR 187,000 692 238 34 785

WI 87,000 692 60 9 1,461

Note that the annualized cost of SNCR + FGR + WI is $783,000, which is not the same
as the sum of the three controls separately of $898,000. This is due to less reagent usage
if all three controls were installed.

Revised NOx BACT Page #2 December 12, 2003
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The following table summarized incremental costs:

Case #1 Case #2 Additional NOy | Additional Incremental
removed (TPY) | annual cost (§) | cost ($/ton)
SNCR SNCR +FGR + | 0 159,000 N/A
WI
FGR + WI SNCR 17 351,000 20,647
FGR FGR + WI 60 86,000 1,433
WI WI + FGR 238 186,000 782

Two control scenarios, SNCR alone, and SNCR + FGR + WI result in the same NOx
reduction of 46%, or 315 tpy. This is due to the reduced effectiveness of SNCR in the
presence of increased levels of CO due to FGR. The incremental cost to control the 17
additional tpy of NOx that SNCR achieves beyond what FGR + WI achieves, is $20,647.
This amount is economically unreasonable.

The incremental cost to control the 60 additional tpy of NOx that FGR + WI achieve
beyond what FGR alone achieves, is $1,433. The incremental cost to control the 238
additional tpy of NOx that FGR + WI achieve beyond what WI alone achieves, is $782.
These two incremental costs are economically reasonable.

In summary, FGR with WI is considered BACT for controlling NOx on the proposed
AQD #17 (A&B Calciners).

Revised NOx BACT

Page #3
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Solvay Minerals, inc. CEM Data Project No. 1325-3

CA-1 2 Stack Run 1
Date 5/4/00
Time co

(ppm)

Average 507.3
9:27:46 4839
0:28:47 476.1
9:29:47 485.6
9:30:46 484.5
9:31:47 489.9
9:32:47 487.3
9:33:48 489.8
9:34:47 4735
9:35:47 483.3
9:36:46 481.7
9:37:46 474.7
9:38:47 473.7
9:39:46 474.1
9:40:46 473.8
9:41:47 470.2
9:42:46 475.7
9:43:46 478.1
9:44.47 472.5
9:45:47 476.2
9:46:46 484.5
0:47:47 482.9
9:48:47 479.0
9:49:46 486.7
9:50:47 480.6
9:51:47 482.3
9:62:46 477.8
9:563:48 489.7
9:64:47 4855
9:65.46 491.2
9:56:46 484.0
9:57:47 495.7
9:58:46 498.7
9:59:46 501.8
10:00:47 502.2
10:01:47 504.0
10:02:46 497.6
10:03:47 507.2
10:04:47 514.7
10:05:46 518.2
10:08:47 516.8
10:07:47 525.8
10:08:46 525.8
10:09:46 §32.0
10:10:47 5§33.2
10:11:46 6354
10:12:46 542.1
10:13:47 549.1
10:14:47 554.4
10:15:46 550.9
10:16:47 554.1
10:17:47 550.6
10:18:46 §52.2
10:19:47 §52.3
10:20:47 545.9
10:21:46 548.0
10:22:48 5514
10:23:47 547.7
10:24:46 545.4
10:25:46 543.2
10:26:47 546.8
10:27:46 563.8
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Solvay Minerals, Inc. CEM Data Project No. 1325-3

CA-1 2 Stack Run 2
Date 5/4100
Time (o0]

(ppm})

Average 505.8
10:41:35 507.8
10:42:36 5116
10:43:36 511.2
10:44:35 504.8
10:45:36 499.5
10:46:36 496.4
10:47:35 505.9
10:48:35 506.5
10:49:36 5074
10:50:35 502.7
10:51:35 489.0
10:52:38 479.9
10:53:35 487.1
10:54:35 492.0
10:55:36 481.2
10:56:36 481.0
10:57:35 472,0
10:58:36 470.5
10:59:36 468.1
11:00:35 470.8
11:01:36 464.7
11:02:36 4778
11:03:35 478.5
11:04:35 477.2
11:05:36 482.0
11:08:35 474.0
11:07:35 4745
11:08:38 484.7
11:00:35 483.0
11:10:35 487.8
11:11:38 482.3
11:12:36 481.6
11:13:35 476.1
11:14:36 4700
11:15:36 466.8
11:16:35 4824
11:17:36 494.0
11:18:36 4904
11:19:35 493.2
11:20:35 496.6
11:21:36 4954
11:22:35 495.8
11:23:35 505.9
11:24:36 507.7
11:25:36 499.1
11:26:36 506.4
11:27:36 508.6
11:28:36 513.1
11:29:36 5§13.3
11:30:36 5120
11:31:36 524.5
11:32:36 524.0
11:33:36 532.1
11:34:36 542.4
11:35:36 556.5
11:36:36 §73.2
11:37:36 594.5
11:38:36 605.1
11:39:36 618.1
11:40:36 626.7
11:41:36 635.0
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Solvay Minerals, Inc. CEM Data Project No. 1325-3

CA-1 2 Stack Run3
Date 5/4/00
Time coO

(ppm)

Average 965.1
11:55:01 784.2
11:56:01 7771
11:57:01 787.9
11:58:01 788.4
11:59:01 779.2
12:00:01 781.9
12:01:01 778.1
12:02:01 765.5
12:03:01 765.0
12:04:01 748.0
12:05:01 744.7
12:06:01 743.6
12:07:01 734.0
12:08:01 738.1
12:09:01 738.8
12:10:01 736.6
12:11:.01 7253
12:12:01 727.4
12:13:01 726.3
12:14:01 740.6
12:15:01 737.2
12:16:01 756.4
12:17:01 760.5
12:18:01 776.3
12:19:01 788.3
12:20:01 802.9
12:21:01 834.8
12:22:01 850.6
12:23:01 873.5
12:24:01 880.7
12:25:01 8964.1
12:26:01 905.7
12:27:01 8824
12:28:01 923.9
12:29:01 930.0
12:30:01 920.2
12:31:01 899.1
12:32:01 877.9
12:33.01 875.1
12:34:01 849.0
12:35:01 857.2
12:36:01 859.3
12:37:01 858.5
12:38:01 877.9
12:39:01 889.2
12:40:01 922.7
12:41:01 940.2
12:42:01 968.1
12:43:01 1015.2
12:44:01 1097.1
12:45:01 12216
12:46:01 1336.9
12:47:01 1429.5
12:48:01 1560.8
12:49:01 1638.4
12:50:01 1679.6
12:51:01 1726.3
12:52:01 1772.1
12:53:01 1750.1
12:54:01 1707.9
12:55.01 16126
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